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(U) ABSTRACT 

The actual trajectories for capsule and booster of Mercury-Redstone 

test flight MR-2 are presented in this report. The main parameters 

presented are position, velocity, acceleration, trajectory angle, Mach 

number and dynamic pressure. 
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(C) Mercury-Redstone test f l i g h t  MR-2 w a s  launched from AMR on 
31 January 1961 a t  1154~51 EST. 
f l i g h t s  which are designed t o  qual i fy  the Mercury-Redstone fo r  b r i e f  
manned space f l i g h t s .  

MR-2 w a s  the second of a series of 

The t r a j e c t o r i e s  fo r  both capsule and booster a r e  presented 
i n  t h i s  report .  
pos i t ion  i n  reference t o  t h a t  of the booster from separation t o  impact. 
The o f f i c i a l  capsule t r a j ec to ry  w i l l  be published by Space Task Group. 

The capsule t r a j ec to ry  w a s  es tabl ished t o  show i t s  

(U) The following tracking data  was ava i lab le  fo r  es tab l i sh ing  
the post  f l i g h t  t r a j ec to ry  of both capsule and booster:  

0.0 - 21.53 sec : Fixed Camera 
0.0 - 485.0 sec : Dovap 
3.25 - 137.75 sec: Theodolite 
8.5 - 133.0 sec : Azusa 
0.0 - 352.9 sec : FPS-16 Radar 1.16 (Capsule) 
353.0 - 570.0 sec: FPS-16 Radar 3.16 (Capsule) 

All times a r e  referenced t o  Range Zero. Li f tof f  occurred 
.88 sec a f t e r  Range Zero. 

The o r ig in  of the coordinate systems used for  capsule and 
booster t r a j e c t o r i e s  i s  launch pad 5 which has the  following 
geographical coordinates (based on the Clarke Spheroid of 1866): 

Geodetic Latftude: 28.439139O N 
Longitude : 80.573521O W 

Mach number and dynamic pressure a r e  based on measured Cape 
meteorological da ta  t o  32.8 km a l t i t u d e  i n  the  ascent and adjusted t o  
the  1959 ARDe Atmosphere a t  47.0 km. 
used above 47.0 km f o r  the capsule and booster t r a j e c t o r i e s  i n  both 
ascent and descent. 
47.0 km i n  the descent. 

The 1959 ARM: Atmosphere was 

Grand Bahama Is land Atmosphere w a s  used below 

The smoothing and d i f f e ren ta t ion  procedures used i n  these 
ca l cu la t ions  round off  the la rge  t rans ien ts  t h a t  occur around cu tof f ;  
consequently, var iab les  i n  t h i s  interval ,  138 f 3 sec,  should not be 
used i n  any performance est imates .  

The la rge  ve loc i ty  gain imparted t o  the capsule by the  
escape rockets  eliminated any close approach between capsule and 
booster .  
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(C) BOOSTER TRAJECTORY 

The booster trajectory presented in this report was 
established from the following data: 

0.0  - 12.0 sec : Fixed Camera 
12.5 - 250.0 sec: Dovap 
250.0 - Impact : Computed trajectory using Dovap positions 

and velocities as initial conditions at 
250.0 sec. 

Tables IB through IIIB contain the first section of the 
booster trajectory, 0.0 - 250.0 sec, which is based principally on 
Dovap data. 
flight and in 5.0  sec intervals thereafter. 
of other tracking data with the reference trajectory during powered 
flight. The maximum average deviations in the position coordinates 
were : 

Variables are given in 0 .5  sec intervals through powered 
Figure 1 is a comparison 

Theodolite 
Azusa 

Deviations 

4 m  
12 m 

Tables IVB and VB form the second section of the booster 
trajectory, 250.0 - 497.43 sec, with variables given in 5 .0  sec 
intervals, This section is a calculated trajectory using Dovap 
positions and velocities as initial conditions at 250.0 sec. 

Tables VIB through VIIIB form the dive 2hase (100 km altitude 
to impact) of the computed booster trajectory, 497.43 sec to impact, 
with variables given in 5.0 sec intervals. 
coefficient, consistent with an assumption of a tumbling booster, 
was used in the calculations for this section of the trajectory. The 
adjustments which were applied to the product of the ballistic 
coefficient(%) and density resulted in an impact time which was 
identical to that of l o s s  of signal from aircraft telemetry in the 
target area. 

An aerodynamic drag 

(C) IMPACT POINT (BOOSTER) 

The geographic location of the impact point determined from 
the precalculated trajectory was: 

Geodetic Latitude: 27.074569O N 
Longitude : 75.696979O W 
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The m i s s  d is tances  of the post  f l i g h t  t r a j e c t o r y  with 
reference t o  the predicted impact point were: 

Range Cross Range Radial 
(W (W (km) 

81.05 over 13.72 r igh t  82.20 

The excessive range was d i r e c t l y  a t t r i b u t a b l e  t o  a higher 
The l a t e r a l  ve loc i ty  a l so  exceeded than predicted cutoff  veloci ty .  

t h a t  which was predicted.  This addi t ional  l a t e r a l  ve loc i ty ,  which 
caused a s ign i f i can t  change i n  the yaw plane,  reached a maximum of 
33 m/s a t  cutoff .  

The booster impact locations from both the  predicted and 
post f l i g h t  t r a j e c t o r i e s  a re  shown i n  Figure 2. 

(C) CAPSULE TRAJECTORY 

Tables I C  through I I I C  contain the f i r s t  sect ion of the 
capsule t r a j ec to ry ,  135.0 - 300.0 sec,  with var iab les  given i n  5.0 sec 
in t e rva l s .  This sec t ion  is based on FPS-16 Radar 1.16 data .  

Tables IVC and VC contain the  second sec t ion  of the  capsule 
t r a j e c t o r y ,  300.0 - 532.41 sec, with var iab les  given i n  5.0 sec 
in t e rva l s .  This sec t ion  i s  a computed t r a j ec to ry  using FPS-16 Radar 
1.16 pos i t ions  and v e l o c i t i e s  a s  i n i t i a l  conditions a t  300.0 sec. 

Tables VIC through VZIIC form the dive phase (100 km a l t i t u d e  
t o  impact) of the computed capsule t r a j ec to ry ,  532.41 sec t o  impact, 
with var iab les  given i n  5.0 sec in te rva ls .  I n  these ca lcu la t ions  it 
w a s  assumed t h a t  both the  drogue and main chute deployed a t  the 
predicted a l t i t u d e s  (25,000 ft and 10,000 f t  respect ively) .  Radiosonde 
winds from Grand Bahama Is land were used from 26.5 km a l t i t u d e  to 
impact. The adjustments which were applied t o  the product of the 
b a l l i s t i c  coe f f i c i en t  and densi ty  resu l ted  in  an impact t i m e  cons is ten t  
with t h a t  of capsule telemetry. 

(C) IKPACT POINT (CAPSULE) 

The capsule impact point determined f r o m  the  predicted * t r a j e c t o r y  was :  

L 

Geodetic Latitude: 27.167083: N 
Longitude : 76.041723 W 
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The d i f fe rences  between impact locat ions of both the post  
f l i g h t  t ra jec tory  and Sofar Bomb with reference t o  the predicted impact 
loca t ion  a re  shown i n  the  t a b l e  below: 

Range Cross Range Radial 
(km) (km) (km) 

Reference Trajectory 198.04 over 24.78 r i g h t  199.58 
Sofar Bomb 200.91 over 26.42 r i g h t  202.64 

The addi t iona l  range of the capsule w a s  p a r t i a l l y  due t o  a 
higher than predicted booster cutoff ve loc i ty .  A l a rge  impulse was 
a l so  imparted t o  the capsule by the escape rocke t ' s  f i r i n g  plus  the 
f a c t  t h a t  the  re t ro- rockets  a r e  not f i r e d  i n  the abor t  mode. The 
ex t r a  cross-range was a t t r i b u t e d  t o  the excessive ve loc i ty  i n  the yaw 
plane a t  booster cutoff  and the escape rocke t ' s  f i r i n g  a t  an angle of 
approximately 8.1 deg t o  the r i g h t  of the f l i g h t  path,  

The capsule impact locat ions from the precalculated t r a j e c t o r y ,  
reference t r a j ec to ry ,  and Sofar Bomb are shown i n  Figure 2. 

The t ab le s  i n  t h i s  repor t  were prepared by the Data Reduction 
Branch and Trajectory Applications Unit of Computation Laboratory. 

See page 5 f o r  a l i s t  of t r a j ec to ry  symbols and t h e i r  
def in i t ions .  
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(U) APPENDIX 

Symbols Definitions 

. 

X 
Y 
Z 

X sph 
Y sph 
Z sph 

Mach 

Q 

Theta Y 

Alt. 

Range 

Theta P . L .  

Cartesian coordinates with X Z plane tangent to the 
earth's surface at the launch site. 
coordinate is 105.00° E of N; the positve Z coordinate 
is 195.00° E of N. 
perpendicular upward from the X 2 plane at the point 
of tangency. 

The positve X 

The positive Y coordinate is 

Curvilinear coordinates oriented in the same manner 
as the Cartesian coordinates above and based on an 
earth radius of 6373334.6 m. 

Earth-fixed geometric missile velocity. 

Tangential missile acceleration. 

Ratio of velocity of missile to local velocity of sound. 

Dynamic pressure 

The angle between the earth-fixed missile velocity and 
the launch vertical. Defined mathematically as 
cos-1 P/vg. 

The angle between the earth-fixed missile velocity and 
its projection into the XY plane. 
as sin-1 2/Vg. 

Defined mathematically 

Altitude, height above the geoid as represented by the 
Clarke Spheroid of 1866. 

Distance along the surface of the earth. 

The angle between the earth-fixed missile velocity and 
the local vertical. Defined mathematically as 

1 xic + (Y + ro) i + zi 
vg rJx2 + (Y + ro)2 + 22 

Cartesian Z See Cartesian Z above 
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X DST 
Y DST 
Z DST 

AT 

Drag 

(U) APPENDIX (Corut.) 

Space-fixed velocity components, oriented as the 
Cartesian coordinates, with the effect of the 
initial velocity of the earth taken out. 

Acceleration along the longitudinal axis of the 
missile (angle of attack always assumed to be zero). 

Aerodynamic drag of the missile (Cd - q - A ) .  

. 
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